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Description 

Background of the Invention 

The present invention relates to a focusing appara- 
tus of an electron nnlcroscope and more particularly to 
a focusing apparatus of an electron microscope which 
conducts the correction of astigmatism automatically. 

Regarding a usual apparatus of focusing as the pre- 
ceding stage of correction of astigmatism in the electron 
microscope wherein the correction of astigmatism is 
conducted automatically, i.e., a apparatus of determin- 
ing a circle of least confusion, a description is made in 
U.S.P. 4,214,163 according to which the circle of least 
confusion is determined by the following procedures. 

(1) An electron beam is made to scan in the direc- 
tion X on a sample, a signal Inversely corresponding 
to the radius of the electron beam is obtained in 
each scan, and an exciting current 1^ , f or a focusing 
lens whereby the signal is turned to be maximum is 
determined. 

(2) The electron beam is made to scan in the direc- 
tion Y on the sample, a signal inversely correspond- 
ing to the radius of the electron beam is obtained in 
the same way as the above, and an exciting current 
l2 for the focusing lens whereby the signal is turned 
to be maximum is determined. 

(3) The mean value (1^ + l2)/2 is calculated from 
aforesaid exciting currents 1^ and I2 for the focusing 
lens, and the exciting current for the focusing lens 
is set at his mean value (l^ + l2)/2. 

By the apparatus described above, the circle of the 
electron beam focused on the sample becomes the cir- 
cle of least confusion. The position of this circle of least 
confusion is equivalent to the position of a focus ob- 
tained when the astigmatism is corrected. 

In the prior art. as described above, the electron 
beam is made to scan In each of the directions X and Y, 
the exciting current for the focusing lens whereby a var- 
iation component of a current of a secondary electron 
or the like generated from the sample on the occasion 
is turned to be maximum is determined in each scan, 
and the exciting current for the focusing lens at the time 
when the circle of least confusion is formed is deter- 
mined from the mean value of the exciting currents thus 
determined. The variation component of the secondary 
electron current is generated by the shape or pattern on 
the surface of the sample. 

According to this apparatus, however, there occurs 
a problem that the exciting current for the focusing lens 
corresponding to the circle of least confusion can not be 
determined exactly when the shape or pattern on the 
surface of the sample is non-isotropic as in a small part 
of IC pattern, for example. 



Fig. 3 shows the relationship between the focusing 
lens exciting current applied when an electron beam is 
made to scan on the sample in each of the directions X 
and Y with the current varied and an electron beam ra- 

5 dius corresponding signal at this time. 

By the way, the electron beam radius corresponding 
signal means a signal inversely corresponding to the ra- 
dius of the electron beam and is obtained as a variation 
component of the current of secondary electrons gen- 

10 erated from the sample. The more the electron beam is 
focused on the sample, the bigger the electron beam 
radius corresponding signal becomes. 

This figure shows particularly a case ((b) of the fig- 
ure 3) wherein no maximum is obtained when scanning 

^5 is conducted in the direction Y, since the variation com- 
ponent of the shape or pattern on the surface of the sam- 
ple is small, while the maximum value 1^ Is obtained ((a) 
of the figure 3) when the scanning Is conducted in the 
direction X. 

^0 In the case when the shape of the surface on the 
sample is non-isotropic and therefore a maximum does 
not appear distinctly, as described above, the aforesaid 
exciting currents 1^ and Ig can not be determined exactly 
according to the prior art, and consequently It is very 
25 difficult to exactly determine the exciting current for the 
focusing lens corresponding to the circle of least confu- 
sion. While the apparatus of scanning wherein the elec- 
tron beam is made to scan in the direction X and Y sep- 
arately is described in the above-described example, 
30 two maxima are obtained as shown in Fig. 5(a) even 
when the electron beam is made to scan circularly, on 
condition that the shape of the sample is isotropic, and 
therefore the exciting current for the focusing lens cor- 
responding to the circle of least confusion can be deter- 
55 mined exactly by taking the mean value of said maxi- 
mum points. When the shape of the sample is non-iso- 
tropic. however, the two maxima can not be obtained as 
shown in Fig. 5(b) so that the exciting current for the 
focusing lens corresponding to the circle of least confu- 
te sion can not be detemnined exactly, 

Afocusing apparatus which has the features includ- 
ed in the first part of claim 1 is disclosed in J.Phys.E. 
Sci. Instrum. 20 (1 987) pages 67-73. There, auto-focus- 
ing is carried out for three different scanning directions 
45 to find three focus lens currents, i.e. lens currents each 
minimising the beam diameter in the corresponding di- 
rection. A number of mathematical procedures are nec- 
essary to determine a common optimum exciting current 
from the results obtained in the three scannings. 

Summary ofihe Invention 

An object of the present invention is to furnish a fo- 
cusing apparatus of an electron microscope which en- 
55 ables the solution of the above-described problem and 
the exact and simple determination of the exciting cur- 
rent for the focusing lens corresponding to the circle of 
least confusion. 
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This object is met by the apparatus defined in claims 
1 or 4. 

Brief Description of the Drawings 

5 

Figure 1 Is a simplified block diagram showing the 
principal structural elements of a scanning electron mi- 
croscope to which the present invention is applied. 

Figures 2(a), 2(b), 2(c) and 2(d) are graphs for illus- 
trating the principle of focusing in the scanning electron io 
microscope to which the present invention is applied. 

Figures 3(a), 3(b), 5(a) and 5(b) are graphs showing 
the relationship betwen a focusing lens exciting current 
and an electron beam radius corresponding signal. 

Figure 4 is a schematic view of tracks of scanning is 
in the case when an electron beam is made to scan in 
arbitrary directions. 



Detailed Description of the Preferred Embodiments 
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An embodiment of the present Invention will be de- 
scribed hereunder by using drawings. 

Figure 1 is a simplified block diagram showing the 
principal structural elements of a scanning electron mi- 
croscope to which the present invention is applied. 25 

In the figure, numeral 1 denotes an electron beam, 
which is focused finely on a sample 3 by a focusing lens 
2. Numeral 14 denotes a focusing lens driving circuit for 
driving the focusing lens 2, and It Is connected to a con- 
trol circuit 7 which will be described later 30 

4 and 5 denote deflecting coils for making the afore- 
said electron beam scan in the directions X and Y, re- 
spectively, and 10 and 11 deflecting coil exciting circuits 
for driving said deflecting coils 4 and 5 respectively 

Both of said deflecting coil exciting circuits 10 and 3S 
1 1 are connected to the control circuit 7. 

8 and 9 denote X-dlrectlon and Y-direction astigma- 
tism correcting coils respectively and 12 and 13 astig- 
matism correcting coil exciting circuits for driving said 
astigmatism correcting coils 8 and 9 respectively. 40 

Both of said astigmatism correcting coil exciting cir- 
cuits 12 and 13 are connected to the control circuit 7. 

Numeral 6 denotes a detector detecting a signal of 
a secondary electron or the like generated form the sam- 
ple 3 by the application of the aforesaid electron beam. 4S 
and the detector Is connected to a focusing lens opti- 
mum exciting current determining circuit 15. 

The focusing lens optimum exciting current deter- 
mining circuit 1 5 sets an exciting current for the focusing 
lens corresponding to a circle of least confusion of the so 
basis of an output signal from the aforesaid detector 6. 
and outputs a set value to the control circuit 7. 

The control circuit 7 controls the aforesaid focusing 
lens driving circuit 14, the deflecting coil exciting circuits 
10 and 11 and the astigmatism correcting coil exciting ss 
circuits 12 and 13. 

In the scanning electron microscope which has the 
above-stated construction and to which the present in- 



vention Is applied, the aforesaid electron beam 1 is 
made to scan circularly on the sample 3 by varying an 
exciting current for the deflecting coils 4 and 5, The de- 
tector 6 detects an image signal of secondary electrons, 
a thermoelectrons, absorption electrons or the like gen- 
erated from the sample 3 and outputs the image signal 
to the focusing lens optimum exciting current determin- 
ing circuit 15. 

Said focusing lens optimum exciting current deter- 
mining circuit 1 5 converts the aforesaid image signal in- 
to a signal corresponding to the spot radius of the elec- 
tron beam 1 . 

Herein, an integral value of a variation of the image 
signal generated from the detector 6 is used as the sig- 
nal corresponding to the spot radius of the aforesaid 
electron beam 1. 

The image signal delivered from the aforesaid de- 
tector 6 shows a sharper variation as the thickness of 
the electron beam 1 in the scanning direction (in the tan- 
gential direction in the case of circular scanning) on the 
sample 3 becomes smaller, and therefore the image sig- 
nal on the occasion contains a large amount of variation 
component. This means, as a consequence, that, when 
the variation component of the aforesaid image signal 
is taken out as the signal corresponding to spot radius 
of the electron beam 1 and only a varied part of said 
variation component Is integrated for each one scan- 
ning, the thickness of the spot radius of the electron 
beam 1 in the scanning direction becomes smaller as 
the integral value obtained by the integration (hereinaf- 
ter called an electron beam radius corresponding signal) 
becomes larger. 

The aforesaid focusing lens optimum exciting cur- 
rent determining circuit 15 determines the relationship 
between the intensity of current supplied to the focusing 
lens driving circuit 14 and the signal corresponding to 
the electron beam on the occasion, determines a focus- 
ing lens exciting current corresponding to the circle of 
least confusion from this relationship and outputs same 
to the control circuit 7. 

While generating the focusing lens exciting current 
corresponding to the aforesaid circle of least confusion 
to the focusing lens driving circuit 14, the control circuit 
7 controls the deflecting coil exciting circuits 10, 11 and 
the astigmatism correcting coil exciting circuits 12, 13 

A method of determining the focusing lens exciting 
current corresponding to the circle of least confusion by 
the scanning electron microscope of the present Inven- 
tion will be described in detail hereunder by using Figure 
2. 

This figure shows the relationship between the in- 
tegral value of the electron beam radius corresponding 
signal and an exciting current for the focusing lens driv- 
ing circuit 14 on the occasion when the electron beam 
is made to scan circularly on the sample, showing par- 
ticularly the case when the two maxima do not appear 
distinctly since the shape of the sample is non-isotropic. 

In the case when the two maxima do not appear 
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distinctly as the above, it is very difficult to determine 
exactly the exciting current for the focusing lens corre- 
sponding to the circle of least confusion, according to 
the prior art. 

Figure 2(a) is a graph for illustrating a focusing op- 
eration according to one embodiment of the present in- 
vention. 

First, the relationship between the electron beam 
radius corresponding signal obtained from the variation 
of the secondary electron emitted from the specimen in 
each circular scan of said electron beam on the speci- 
men and the exciting current for the focusing lens on the 
occasion, is determined. 

For simplification of description, the aforesaid rela- 
tionship is represented herein as a curve 

Y = f(g. 

Subsequently, an exciting current Ig for the focusing 
lens corresponding to the maximum value of said 
curve Y = f (1,^) is determined, further electron beam ra- 
dius corresponding signals V3 = f (Ig + Al) and = f (Ig 
- Al) obtained when an increase and a decrease are 
made by a certain value Al from said exciting current Ig 
as the center value are determined, and the minimum 
value of these signals is set as Vq. Vq = V3 In the present 
embodiment, since > V3. 

While the electron beam radius corresponding sig- 
nals V2 and V3 are described as determined by making 
the increase and decrease by the equal amount Al from 
the focusing lens exciting current I3 corresponding to the 
maximum value , which is set as the center value, val- 
ues of the increase and decrease are not necessarily 
equal, but they may be arbitrary values respectively on 
condition that said exciting current Ig be made to exist 
within the limits of these increase and decrease. 

Successively, the center of gravity of the region 
(the hatched part) surrounded by a straight line Y = Vq 
and the aforesaid curve Y = f (1^^) is determined. The ex- 
citing current Ig^ for the focusing lens corresponding to 
said position of the center of gravity is the exciting 
current corresponding to the circle of least, confusion. 

The above-mentioned center of gravity can be 
determined by a proper method known publicly (also in 
other embodiments to be described in the following). 

Another embodiment of the present invention will 
be described hereunder by using Figure 2(b). 

After the minimum value Vq is determined in the 
same way as In the above-described case of Fig. 2(a), 
an electron beam radius corresponding signal 

Vo = (Vi -Vo)a + Vo 

is determined from the aforesaid maximum and the 
minimum value Vq, and the center of gravity Gg of the 
region (the hatched part) surrounded by a straight line 
Y = Vg and the aforesaid cun/e Y = f (l^) is determined. 
Preferably the value a is set within the limits of 0.1 to 
0.5 and the exciting current Igg for the focusing lens cor- 
responding to the position of said center of gravity Gg is 



the exciting current corresponding to the circle of least 
confusion. 

Still another embodiment of the present invention 
will be described hereunder by using Figure 2(c). 
5 After the straight line Vg = (V^ - Vo)a = Vq is deter- 
mined in the same way as in the above-described figure 
(b), intersecting points of the straight line Y = Vg and the 
aforesaid curve Y = f (1^) are denoted by I3 and I4 re- 
spectively, and the center of gravity of the region 

fo (hatched part) surrounded by a straight line X = I3 , a 
straight line X = I4 and a straight line Y = Vj parallel to 
the X axis and 0 < < Vg is denoted by G3. The exciting 
current Ig3 for the focusing lens corresponding to the po- 
sition of said center of gravity G3, thus obtained, may 

^5 also be used as the exciting current corresponding to 
the circle of least confusion. 

The present embodiment of Fig. 2(c) shows the 
case when is set to be equal to 0. 

Besides, as an approximate value of the aforesaid 

20 gravity, the middle point of the aforesaid intersecting 
points I3 and I4 may be taken also for an exciting current 
Ig4 for the focusing lens corresponding to the circle of 
least confusion, as shown in Figure 2(d). 

Although the case when the circular scanning is tak- 

25 en as the scanning method of the electron beam is cited 
in the foregoing description, the present invention is not 
limited thereto, and an ordinary method of scanning in 
the directions X and Y, scanning in the shape of a closed 
loop, or scanning of the electron beam in a number of 

30 arbitrary directions as shown in Figure 4, may be adopt- 
ed as well. The aforesaid curve of the electron beam 
radius corresponding signal is determined from the 
mean value of electron beam radius corresponding sig- 
nals obtained on the occasion, and thereafter the excit- 
es ing current for the focusing lens corresponding to the 
circle of least confusion is determined in the same way 
as in the foregoing embodiments. 

In other words, any method of scanning may be 
adopted, provided that the focusing apparatus of an 
electron microscope is employed wherein the exciting 
current for the focusing lens is determined from the po- 
sition of the center of gravity of an area surrounded by 
the curve of the electron beam radius corresponding sig- 
nal corresponding to the exciting current for the focusing 

45 lens obtained when the electron beam is made to scan 
with said exciting current varied, and by a prescribed 
straight line, or from the intersecting points of the curve 
and the line. 

When the exciting current for the focusing lens cor- 
50 responding to the circle of least confusion is determined 
as described above, the control circuit 7 fixes at this ex- 
citing current the intensity of current supplied to the fo- 
cusing lens driving circuit 14 and then executes the so- 
called correction of astigmatism to further lessen the ra- 
55 dius of the aforesaid circle of least confusion. 

It is clear that the application of the above-described 
present invention to the correction of astigmatism ena- 
bles the exact and simple correction of astigmatism, 
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compared with the prior-art case. 

Moreover, the repetition of the focusing operation 
of the focusing lens and the correction of astigmatism 
described above enables the Implementation of further 
exact focusing. s 

Although only the case when the present invention 
Is applied to the scanning electron microscope is men- 
tioned in the above description, the present invention is 
not limited thereto, but can be applied also to transmis- 
sion electron microscope apparatuses, provided that a 10 
means to make the electron beam scan in one direction 
at least is provided. 

According to the present invention, as described 
above, It Is possible to furnish the focusing apparatus of 
an electron microscope which enables the exact and is 
simple determination of the exciting current for the fo- 
cusing lens corresponding to the circle of least confu- 
sion in the stage of the focusing operation conducted 
before the operation of correction of astigmatism even 
when the shape of a sample is non-isotropic and when 20 
the maximum of the curve of the electron beam radius 
corresponding signal does not appear distinctly. 

Claims 2S 

1. A focusing apparatus of an electron microscope 
which includes 

a focusing lens (2) for focusing the electron 30 
beam (1 ) onto a sample (3). 
deflecting means (4,5, 10, 11) for scanning the 
beam (1 ) in a plurality of directions on the sam- 
ple (3), 

astigmatism correcting means (8, 9,12,1 3) dis- 35 
posed in the vicinity of the passage of the beam 

(1) . 

detecting means (6) to detect a signal generat- 
ed from the sample (3) when scanned by the 
beam (1), and 40 
determining means (15) to determine the opti- 
mum exciting current (I) for the focusing lens 

(2) at which the spot of the beam (1 ) on the sam- 
ple (3) forms a circle of least confusion, 

45 

characterised in that the determining means 
(15) determines as said optimum exciting current (I) 
the exciting current (Ig) at the position of the centre 
of gravity (G) of an area which is confined In a Y-l 
plane by so 

a curve represented by the formula Y = f(l) 
which is obtained from the output signal of the 
detecting means (6) and inversely corresponds 
to the spot radius of the beam (1 ), and 55 
a straight line represented by Y = (V-, - Vo)a + 
Vq, with 0.1 < a < 0.5, Vq equalling the smaller 
one of those two values V2, V3 which said curve 
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assumes for (1^ + Alp) and (1^ - Al^). \^ being the 
exciting current resulting in the maximum value 
(Vi ) of said curve, and Alp, Al^^ being variations 
from Ig. 

2. The apparatus of claim 1, wherein f(l) is obtained 
from the integrated value of the output signal of the 
detecting means (6). 

3. The apparatus of claim 1 or 2, wherein Alp = Al^. 

4. The apparatus of any preceding claim, modified by 

said straight line being represented by Y = V,, 
with V, < (V^ - Vo)a + Vq. and 
said area being further confined by a pair of 
straight lines represented by I = I3 and I = I4, 
with I3, I4 corresponding to the points of Inter- 
section between said curve and a straight line 
represented by Y = (Vi - Vo)a + Vq 

5. The apparatus of claim 4, wherein V, = 0. 

6. The apparatus of claim 4 or 5, wherein Ig Is approx- 
imated as (I3 + l4)/2, with I3, 14 corresponding to the 
points of intersection between said curve and said 
straight line. 

7. The apparatus of any one of claims 1 to 6, wherein 
said deflecting means (4, 5, 1 0. 11 ) are operable to 
scan the beam (1 ) along a circle. 

8. The apparatus of any one of claims 1 to 7, wherein 
said astigmatism correcting means (8, 9, 12, 13) is 
adapted to be operated after determining the opti- 
mum exciting current at the value Ig given by said 
determining means (15). 



Patentanspruche 

1. Fokussiereinrichtung fur ein Elektronenmikroskop 
umfassend 

eine Fokussierllnse (2) zum Fokussieren des 
Elektronenstrahls (1) auf eine Probe (3), 
eine Ablenkeinrichtung (4, 5, 10, 11) zum Ab- 
tasten der Probe (3) mit dem Strahl (1) in meh- 

reren Richtungen, 

eine nahe dem Strahlengang (1 ) angeordnete 
Astigmatismus-Korrektureinrichtung (8, 9, 12, 
13), 

eine Detektoreinrichtung (6) zum Erfassen el- 
nes von der Probe (3) belm Abtasten mit dem 
Strahl (1) erzeugten Signals, und 
eine Bestimmungseinrichtung (15) zur Bestim- 
mung desjenigen optimalen Erregerstroms (I) 
fur die Fokussierllnse (2), bei der der von dem 
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Strahl (1) auf der Probe (3) gebildete Fleck ei- 
nen Krels geringster Zerstreuung blldet, 

dadurch gekennzeichnet, da3 die Bestlmmungs- 
einrichtung (15) als optimalen Erregerstrom (I) den 
Erregerstrom (Ig) an der Stelle des Schwerpunktes 
(G) einer Ffache bestlmmt, die In einer Y-I-Ebene 
begrenzt wird von 

einer durch die Gleichung Y f(l) gegebenen 
Kurve, wobel diese Gleichung durch das Aus- 
gangsslgnal der Detektoreinrichtung (6) ge- 
wonnen wird und In umgekehrtenn Verhaltnis 
zum Fleckradius des Strahls (1) steht, und 
einer durch Y = (V^ - Vo)a + Vq gegebenen Ge- 
raden, wobel 0,1 < a < 0,5; Vq gleich ist dem 
kleineren derjenigen belden Werte Vg, V3, die 
die Kun/e fur (I3 + Alp) und (I3 - Al^) annimmt; 
Ig der belm Maximum (V-,) der besagten Kurve 
sich einstellende Erregerstrom ist; und A! 
Streuungen von Ig sind. 



Einrichtung nach einem der vorhergehenden An- 
spruche mit der Abanderung, daB 

die Gerade durch Y = Vj gegeben ist, wobel V, 
< (Vi - Vo) + Vq, und 

die Flache ferner von einem durch I = I3 und I 
= U gegebenen Geradenpaar begrenzt Ist, wo- 
bei I3, I4 den Schnittpunkten zwlschen der be- 
sagten Kurve und einer durch Y = (V-, - Vo)a + 
Vq wiedergegebenen Geraden entsprechen. 

Einrichtung nach Anspruch 4, wobel V, = 0. 
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Einrichtung nach Anspruch 1, wobel f(l) aus dem 
Integral des Ausgangssignals der Detektoreinrich- 
tung (6) gewonnen Ist. 2S 

Einrichtung nach Anspruch 1 oder 2, wobei AL = 



30 



35 



40 



Einrichtung nach Anspruch 4 oder 5, wobel Ig durch 
(I3 + l4)/2 angenahert Ist und wobei I3, I4 den 
Schnittpunkten zwischen der besagten Kurve und 4S 
der besagten Geraden entsprechen. 

Einrichtung nach einem der AnsprOche 1 bis 6, wo- 
bei die Ablenkeinrichtung (4, 5, 1 0, 1 1 ) so betatlgbar 
Ist, da3 sle den Strahl (1 ) langs eines Kreises tastet. so 

Einrichtung nach einem der AnsprOche 1 bis 7, wo- 
bei die Astlgmatismus-Korrekturelnrichtung (8, 9, 
12, 13) nach Bestimmung des optimalen Erreger- 
stroms bel dem durch die Bestimmungseinrichtung ss 
(15) gegebenen Wert Ig betatlgbar ist. 



Revendications 

1 . DIsposltif de mise au point d'un microscope electro- 
nlque, qui comprend 

une lentille de mise au point (2) pour focaliser 
un falsceau d'6lectrons (1) sur un echantillon 
(3). 

des moyens de deviation (4,5, 1 0, 11 ) pour ame- 
ner le faisceau (1) a balayer rechantlllon (3) 
dans plusieurs directions, des moyens de cor- 
rection d'astigmatlsme (8,9, 12,13) disposes au 
volsinage du passage du falsceau (1). 
des moyens de detection (6) pour detecter un 
signal produit par I'echantlllon (3) lorsqu'll est 
balaye par le falsceau (1), et 
des moyens de determination (15) pour deter- 
miner le courant d'excltation optimum (I) pour 
la lentille de mise au point (2), avec lequel le 
spot du faisceau (1 ) pour rechantlllon (3) forme 
un cercle de confusion minlmale, 

caracterise en ce que les moyens de determination 
(15) determinent, en tant que courant d'excltation 
optimum (I), le courant d'excitation (Ig) dans la po- 
sition du centre de gravite (G) d'une zone, qui est 
d§limit6e dans un plan (Y-l) par 

une courbe representee par la formule Y = f(l), 
qui est obtenue a partir du signal de sortie des 
moyens de detection (6) et correspond inver- 
sement au rayon du spot du faisceau (1), et 
une droite representee par Y = (VI -V0)a + VO, 
avec 0, 1 < a < 0,5, VO etant egale a la plus pe- 
tite des deux valeurs V2, V3, que la courbe 
prend pour (Is + Alp) et (Is - Aim), Is etant le 
courant d'excltation fournissant la valeur maxl- 
male (VI ) de ladite courbe et Al p, Aim etant des 
variations de Is. 

2. DIsposltif selon la revendication 1, dans lequel f(l) 
est obtenu a partir de la valeur integree du signal 
de sortie des moyens de detection (6). 

3. DIsposltif selon la revendication 1 ou 2, dans lequel 
on a Alp - Aim. 

*. DIsposltif selon I'une quelconque des revendica- 
tions pr^cedentes, modifle en ce que 

ladite droite est representee par Y = Vt, avec 
Vt < (VI - VO)a + VO, et 
ladite surface §tant en outre delimitee par un 
couple de droites representees par I = 13 et I = 
14, 13, 14 correspondant aux points d'intersec- 
tlon entre ladite courbe et une droite represen- 
tee par Y = (V1-V0)a + VO. 



6 



11 EP 0 332 140 B1 12 

5. Dispositif selon la revendication 4, dans lequel on 
a Vt = 0. 

6. Dispositif selon la revendication 4 ou 5, dans lequel 

Ig est approxime par (13 + 14)/2, 13, 14 correspondant s 
aux points d'intersection entre ladlte courbe et ladite 
drolte. 

7. Dispositif selon Tune quelconque des revendica- 
tions 1 a 6, dans lequel lesdits moyens de deviation io 
(4,5,10,11) peuvent agir de maniere k amener le 
faisceau (1)&ex6cuterun balayage le longd'uncer- 
cle. 

8. Dispositif selon I'une quelconque des revendica- ^5- 
tlons 1 a 7, dans lequel lesdits moyens de correction 
d'astigmatisme (8,9,12,13) sont adapt6s pourfonc- 
tionner apres determination du courant d'excitation 
optimum h la valeur Ig definie par lesdits moyens 

de determination (15). 20 
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